In a taxonomic and molecular phylogenetic study using nuclear ribosomal internal transcribed spacer (ITS) DNA sequences and anatomical data, the taxonomic status and relationships of Irano-Turanian Limonium spp. were investigated. The results of molecular phylogenetic analysis and anatomical synapomorphies showed that the Iranian Limonium spp. can be grouped into four major clades: (1) an unresolved clade including species of section Pteroclados as sister to all other Limonium spp.; (2) the L. axillare clade as sister to all Irano-Turanian and Mediterranean species; (3) a poorly supported clade consisting of species of section Nephrophyllum, L. caspium, L. bellidifolium and L. iconium of section Limonium subsection Hyalolepidae and the isolated species L. sogdianum (section Siphonocalyx) and L. nudum (section Platyhymenium); and (4) a well-supported clade including species of section Limonium subsection Limonium, part of section Sarcophyllum and L. lilacinum of section Sphaerostachys. The most diverse Mediterranean clade with many microspecies and apomictic taxa has no representatives in the Irano-Turanian area. The ITS results agree with distribution and some morphological and anatomical characters, giving strong support for separating L. perfoliatum and L. reniforme that have been considered conspecific in all recent taxonomic treatments. An updated key to all known Iranian Limonium spp., a synopsis of all species, with distribution maps, and descriptions and illustrations of Iranian species of section Nephrophyllum are provided.
INTRODUCTION
The genus Limonium Mill. (Plumbaginaceae) is a cosmopolitan halophytic genus, with c. 350 species; it is most diverse in the Mediterranean area (Kubitzki, 1993) . In the Middle Eastern deserts and salt marshes, this genus is represented in Anatolia by c. 22 species (Bokhari & Edmondson, 1982; Tan & Sorger, 1984 , 1986 Yıldırımlı & Dog ru-Koca, 2006; Dogan, Duman & Akaydin, 2008) and in the Flora Iranica area (including Iran, Afghanistan, western Pakistan and adjacent areas of Iraq and Turkmenistan) by 14 species (Rechinger & Schiman-Czeika, 1974) . Additional species have been reported to occur in Iran in some post-Flora Iranica studies (Bokhari, 1982; Assadi, 1989; Akhani & Ghorbanli, 1993; Assadi, 2005) . It is counter-intuitive that, in spite of a rich halophytic and xerophytic flora in the Middle East and Central Asia (Khan et al., 2006) , Limonium is comparatively much less diverse than in the Mediterranean area. There are also several genera related to Limonium that have representatives in the IranoTuranian area, but these have been subject to different generic interpretations in taxonomic treatments; these include: Cephalorhizum Popov & Korovin, Dictyolimon Rech.f., Aeoniopsis Rech.f., Chaetolimon Lincz., Eremolimon Lincz., Goniolimon Boiss., Ikonnikovia Lincz. Popoviolimon Lincz., Neogontscharovia Lincz., Bamiania Lincz., Bukiniczia Lincz. and Vassilczenkova Lincz. (Linczevski, 1971 (Linczevski, , 1979 (Linczevski, , 1985 Rechinger & Schiman-Czeika, 1974) .
Some Limonium spp. in Flora Iranica were described by Rechinger as section Nephrophyllum Rech.f., which comprises two species L. otolepis (Schrenk) Kuntze and L. reniforme (Girard) Lincz. This section is characterized by round-reniform amplexicaul cauline leaves, reduced and ephemeral rosulate leaves and an obconical calyx with narrow limbs. Limonium otolepis has a Central Asian distribution ranging from Turkmenistan, through Kazakhstan, Kyrgyzstan and Tajikistan, to northern China in Gansu and northern Xinjiang (Linczevski, 1952; Pen & Kamelin, 1996) . This species has been introduced into North America (Hickman, 1993; Smith, 2005) . Limonium reniforme in its former circumscription has a similar range but extends into southcentral Iran. Earlier morphological and geographical studies by the first author (H.A.) showed that these last populations of L. reniforme (sensu Rechinger & Schiman-Czeika, 1974 ) differ markedly from the northern populations in Iran by their sterile branches. The presence of such sterile branches caused Assadi (2005) to classify these plants as L. otolepis. In order to clarify this problem, we conducted more studies of Limonium in Iran, including detailed morphological, anatomical and molecular studies. The aims of this paper are to: (1) test the application of internal transcribed spacer (ITS) sequence data in reconstruction of phylogenetic relationships and as taxonomic markers for the Irano-Turanian lineages of Limonium; (2) test the congruence of morphological and molecular data with the traditional classification of the genus; (3) clarify the phylogeography of Iranian Limonium spp. and their putative origin; and (4) present an updated synopsis of the genus in Iran, an identification key and distribution maps.
MATERIAL AND METHODS

MORPHOLOGICAL AND TAXONOMICAL STUDIES
Natural populations of these species have been investigated during several excursions throughout Iran since 1988 and to Turkmenistan during 1994, mostly by the first author (H.A.), but joined in 2007 by the second author (M.M.). Herbarium specimens from several herbaria in Iran and Europe (including B, IRAN, K, TARI, TUH, P and W; abbreviations following Index Herbariorum, (Thiers, 2009 ) and the private herbarium of the first author (Hb. Akhani, currently housed in the Halophytes and C 4 Plants Research Laboratory, School of Biology, University of Tehran) , have been studied. An updated key to identification and a synopsis of all accepted species growing in Iran, distribution maps and descriptions of three species with new taxonomic status and their illustrations are provided, according to data obtained by the authors. Many type specimens have been examined by the first author in short herbarium visits since 1990 in B, G, K, P and W. However, we are unable to lectotypify most names, as these short visits did not have this as a primary aim.
ANATOMICAL STUDIES
Anatomical studies were made on leaf epidermis, lamina and petiole cross sections. Forty-two samples belonging to 14 species were studied. Fresh leaves were fixed during field studies in FAA (one part formalin, one part glacial acetic acid, 18 parts 70% ethanol). The samples were transferred to 70% ethanol after 1 week. Using a razor blade, cross sections were cut from the middle of the leaf lamina and from the lower half of the petiole. Sections were stained in aqueous methylene blue/carmine and dehydrated through an ethanol series and xylene. The dehydrated samples were permanently mounted in Euparal. Epidermal characters were studied on herbarium samples following the method described by Bokhari (1972) : leaves were soaked overnight in 10% potassium hydroxide (KOH) solution with a few drops of hydrogen peroxide (H 2O2), washed with distilled water and allowed to stand in water with a few drops of H2O2 for 2 h. They were then thoroughly washed with water and placed in 'Eau de Javelle' for bleaching. After washing with distilled water, the upper epidermis became loosened and was easily peeled off. The epidermal peels were stained with toluidine blue. After thorough dehydration, the peels were mounted in Euparal. Sclereids were studied in both cross and longitudinal sections to get a three-dimensional view. Observations were made with a Nikon Optiphot-2 microscope, and photographs were taken with a Motic image plus 2.0 camera; measurements were made using a calibrated Motic image plus 2.0 software. Line drawings of the sclereids are included here.
used the ITS5 and ITS4 primers of White et al., (1990) and followed the protocol of Van den Berg et al. (2000) . Amplified products were purified using NucleoSpin PCR purification columns in accordance with the manufacturer's protocols. Cycle sequencing reactions were performed using the BigDye Terminator Kit ver. 3.1 (Applied Biosystems Inc., ABI, Warrington, UK) following the ABI protocols. Cycle sequencing products were cleaned using Magnesil (Promega, Southampton, UK) on a Beckman Coulter robot (Biomek NX S8, Buckinghamshire, UK) following the manufacturer's protocols. Cleaned products were then sequenced on an ABI 3730 Genetic Analyser following the manufacturer's protocols.
Sequencing output files were edited and contigs assembled either by using Sequencher 4.0 (Genecodes, Ann Arbor, MI, USA) or PhyDe. Sequences were aligned using Muscle and manually improved following the guidelines of Kelchner (2000) . Trees were produced using the maximum likelihood method (ML) with 1000 replicates in MEGA5 (Tamura et al., 2011) . The Tamura Nei model (Tamura, 1992) with gamma rate (TN93+G) was found to fit best with the ITS data nucleotide matrix. The tree with the highest likelihood is generated. Initial tree(s) for the heuristic search were obtained automatically as follows. When the number of common sites was < 100, or less than 25% of the total number of sites, the maximum parsimony method was used; otherwise the BIONJ method with Markov linkage clustering (MCL) distance matrix was used. Bootstrapping was calculated according to Felsenstein's (1985) method. Maximum parsimony (MP) produced a similar topology with small differences in bootstrap support, which are not discussed in this paper.
RESULTS
ANATOMICAL DESCRIPTIONS
Epidermal cells and trichomes
The periclinal cell walls of the abaxial and adaxial leaf surfaces of Iranian Limonium spp. fall into two categories: (1) Figs 7, 9) . Stomata on the adaxial and abaxial lamina surface are almost the same size. Their density ranges from an average of 16 per 500 ¥ 500 mm on the adaxial surface of L. stocksii to 40.6 on the abaxial side of L. axillare (Table 1 ). In the majority of species, stomatal density on the abaxial surface is higher than the adaxial surface ( Fig. 1 . L. nudum (Akhani et al. 18804) . Fig. 2 . L. perfoliatum (greenhouse cultivated plant, no voucher). Fig. 3 . L. caspium (Akhani et al. 18888) . Fig. 4 . L. sogdianum (Akhani & Memariani 19059) . Fig. 5 . L. iranicum (Malekmohammadi et al. 3826) . Fig. 6 . L. suffruticosum (Akhani & Joharchi 35188) . Fig. 7 . L. gmelinii (Akhani et al. 18946) . Fig. 8 . L. stocksii (Akhani 9750) . Fig. 9 1-4, 7, 9) .
All species are glabrous except L. lobatum, which has unicellular, non-glandular and conical trichomes on midrib, secondary ribs and margins of leaves.
Leaf anatomy
All species are characterized by having a one-layered epidermis followed by the palisade tissue. Based on number and position of palisade cells, the studied species can be grouped into three categories: (1) 
Petiole anatomy
The outline of petiole transections of studied species are narrowly elliptic (L. nudum, Fig. 16 ) or arc-like to crescent-shaped (L. capsicum, L. otolepis, L. perfoliatum and L. reniforme, Figs 17, 18) , semicircularovate (L. sogdianum, Fig. 19 ), circular to semicircular with intruded margin (L. carnosum, L. iranicum and L. suffruticosum, Figs 20, 21) , more or less fusiform (L. gmelinii, Fig. 22 , partially shown) or elliptic (L. axillare and L. stocksii, Figs 23, 24) .
With regard to presence and position of palisade tissue in the petiole, Iranian Limonium can be grouped into four categories: (1) a bifacial group with one to three layers of palisade cells on the adaxial side of the petiole in L. lobatum (not shown), which might be small palisade-like cells as in L. gmelinii (Fig. 22) ; (2) 
L. suffruticosum and L. gmelinii, which could be classified into two main groups using terminology suggested by Rao & Das (1981) (Figs 25-30) .
Fusiform: This kind of sclereid is spindle-shaped, narrow at the end, without branches, straight or variously bent into C, V or S shapes, arranged vertically or horizontally. These are located in spongy and/or palisade tissue, . There are differences including length, width and cell-wall thickness in different species: (1) in L. axillare they are mostly needle-like, straight, with thin and ± smooth cell walls, 300-600 mm in length, and with an average outer diameter of 20 mm in the middle. They occur singly in palisade tissue (Figs 23, 25) ; (2) in L. stocksii the cell walls of (Akhani et al. 18808) . Fig. 11 . L. gmelinii (Akhani et al. 18946) . Fig. 12 . L. sogdianum (Akhani & Memariani 19059) . Fig. 13 . L. suffruticosum (Akhani & Joharchi 35188) . Fig. 14 . L. axillare (Malekmohammadi et al. 3974) . Fig. 15 . L. stocksii (Akhani 9750) . Sc., sclerenchyma; e.l., epidermal layer; v.b., vascular bundle; p.c., palisade cells; Sp.c., spongy cells; Ph., phloem; X, xylem. Scale bars, 100 ϰm.
sclereid cells are thickened and pitted and the length varies from 300 to 600 mm, with an average of 50 mm diameter in the middle; they occur both singly or in groups in the lamina, but are mostly seen in groups in the petiole (Figs 24, 26) ; (3) L. sogdianum is characterized by polymorphic sclereids with thickened cell walls, and length varies from 200 to 550 mm and an average of 70 mm outer diameter in the middle (Figs 19, 27) ; and (4) L. carnosum, L. iranicum and L. suffruticosum have fusiform sclereids mostly C, V or S-shape, rarely erect, with pitted and pointed appearance in the cell wall, 100-250 mm in length and with an average of 20 mm outer diameter in the middle (Figs 13, 20, 21, 28) . (Akhani et al. 18804) . Fig. 17 . L. perfoliatum (Akhani et al. 18808) . Fig. 18 . L. caspium (Akhani et al. 18888) . Fig. 19 . L. sogdianum (Akhani & Memariani 19059) . Fig. 20 . L. iranicum (Malekmohammadi et al. 3809) . Fig. 21 . L. suffruticosum (Akhani & Joharchi 35188) . Fig. 22 . L. gmelinii (Malekmohammadi et al. 3827) . Fig. 23 . L. axillare (Malekmohammadi et al. 3974) . Fig. 24 . L. stocksii (Akhani 9750) . Sc., sclerenchyma; e.l., epidermal layer; v.b., vascular bundle; p.c., palisade cells; Sp.c., spongy cells; Ph., phloem; X, xylem. Scale bars, 100 mm. 
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Rhizosclereids and ramiform sclereids: root-like sclereids, short, with two or three branches at one end only and thick and pitted cell walls are characteristic of palisade tissue in L. gmelinii s.l. (Fig. 29) . Ramiform sclereids are similar to short rhizosclereids, with thick cell walls that are pitted but with forking in both ends. This type also occurs only in L. gmelinii s.l. (Fig. 30 ).
PHYLOGENETICS
New ITS sequences were provided in this study for 74 accessions belonging to 19 Limonium spp., one Cephalorhizum sp. and two Psylliostachys spp. Sequences of eight species were included from GenBank (accession numbers are provided in the Appendix). After trimming the ends of the matrix, the analysis involved 847 characters including 397 variable sites, among which 300 sites were potentially parsimony informative. The ML tree showing highest likelihood (ln = -4771.1757) is presented in Figure 31 . Some important anatomical characters are shown or plotted on the tree with informal clade names. We apply the following descriptions for bootstrap percentage (BP): 50-74 poorly supported, 75-84 moderately supported and 85-100 well supported.
Apart from species of section Pteroclados, the remaining Limonium spp. (here called core Limonium) form a strongly supported clade (BP 99). The genera Cephalorhizum and Psylliostachys (outgroups) form a well-supported clade (BP 95). Internal relationships are largely resolved with five clades: (1) (Rechinger & SchimanCzeika, 1974) ; in addition, some endemic species from Turkey, some Mediterranean species, two species of Psylliostachys and one species of Cephalorhizum are included. The sampling includes representatives of main infrageneric taxa of Limonium from southwestern Asia according to Boissier (1848) . ITS nuclear ribosomal DNA (nrDNA) provides enough variation for inferring phylogenetic relationships among major clades, but it also has good potential for being a useful molecular marker even among the most closely related species (see also Palacios, Rosselló & González-Candelas, 2000) .
Our results confirm previous molecular studies based on plastid rbcL, trnL intron and the trnL-trnF intergenic spacer by Lledó et al. (2005) ; Limonium, as circumscribed in Flora Iranica and Flora of Turkey (Rechinger & Schiman-Czeika, 1974; Bokhari & Edmondson, 1982) , is monophyletic. The situation in section Pteroclados requires more study (but see Lledó et al., 2011) . Our results do not support splitting the genus into smaller genera, such as Eremolimon, as proposed by Linczevski (1979) . Additionally, the independent status of Cephalorhizum and Psylliostachys as distinct from Limonium is strongly supported. However, additional sequences are required to clarify the relationships of some monotypic and oligotypic genera from Central Asia and Afghanistan, such as Dictyolimon, Aeoniopsis, Chaetolimon, Ikonnikovia, Popoviolimon, Neogontscharovia, Bamiania, Bukiniczia and Vassilczenkova (Linczevski, 1971, 1985) , some of which are well supported as distinct in plastid trees (cf. Lledó et al., 2005) .
The phylogenetic status of section Pteroclados remains unresolved. The sister position of this section to Limonium was only supported by 60 BP in the plastid analysis of Lledó et al. (2005) , although the internal relationship of the two resulting groups (subsections Odontolepideae and Pteroclados) was strongly supported (100 BP). This section with distinctive winged stems comprises c. 15 species of (Malekmohammadi et al., 3974) . Fig. 26 . Fusiform sclereids in L. stocksii (Akhani 9750) . Fig. 27 . Fusiform sclereids in L. sogdianum (Akhani & Memariani 19059) . Fig. 28 . Fusiform sclereids in L. iranicum (Akhani & Malekmohammadi 18842) . Fig. 29 . Rhizoscelereids in L. gmelinii (Akhani & Malekmohammadi 18852) . Fig. 30 . Ramiform sclereids in L. meyeri (Akhani & Malekmohammadi 18852) .
Pteroclados clade
Cephalorhizum turcomanicum 28978 Psylliostachys spicata 14878
Psylliostachys leptostachys 57 
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annual herbaceous to shrubby species distributed from the Macaronesian to the Mediterranean and the Saharo-Sindian floristic regions (Karis, 2004) . Anatomically, species of section Pteroclados subsection Odontolepidae contain no sclereids (see also Bokhari, 1970; Rao & Das, 1981) and have isobilateral leaf and bifacial petiole anatomy. This section is represented in southern Iran only by L. lobatum, the widespread annual species ranging from the Canaries through North Africa and the Mediterranean to southern Iran. The antiquity of extant species of some isolated groups of Limonium, such as species of sections Pteroclados and Limoniodendron in the Canaries and north-western Africa, was demonstrated based on morphological data by Karis (2004) and plastid phylogenetics by Lledó et al. (2005 Lledó et al. ( , 2011 .
Limonium axillare is sister to the remaining species of the core-Limonium clade, which agrees with its position in analyses of plastid DNA sequences (Lledó et al., 2005) . This species belongs to a small group of Saharo-Sindian species that were classified by Rechinger & Schiman-Czeika (1974) in section Sarcophyllum (Boiss.) Lincz. (including species of the L. suffruticosum subclade). Limonium axillare and its close relative L. stocksii are short shrubby species of hypersaline soils characterized by ± cushion habit and short flowering branches. They are restricted in their range in southern Iran along the shores of the Persian Gulf and Baluchestan. The most obvious anatomical feature separating L. axillare and L. stocksii from other species already classified in section Sarcophyllum is the presence of three main vascular bundles in petioles that are more or less the same size and separated by spongy tissue (Fig. 24) . Furthermore, the leaf lamina has three main veins and petioles are flattened. In L. iranicum, L. suffruticosum and L. carnosum, the petiole cross section is characterized by three closely spaced bundles, of which the central one is larger than the laterals (Figs 20-21) . The leaf lamina has a central midrib and the petioles are almost terete.
The Mediterranean species form a moderately supported clade (BP 81). Considering the unresolved relation with other clades, more studies are required, including a wider sampling of central and eastern Mediterranean taxa to clarify the origin of this rapidly diversifying lineage in the Mediterranean basin. Frequent apomixis and hybridization in this clade are further complications for resolving their phylogenetic relationships (Palacios et al., 2000; Lledó et al., 2005) .
The 'L. reniforme clade' is poorly supported (BP 62) and consists of endemic species of the Irano-Turanian area belonging to sections Nephrophyllum Rech.f. and Platyhymenium (Boiss.) Lincz. (according to Flora Iranica, Rechinger & Schiman-Czeika, 1974) or section Limonium subsection Platyhymenium (according to Boissier, 1848) , in addition to species of the L. bellidifolium complex (L. caspium and L. iconium) and L. sogdianum. Except for L. nudum and L. sogdianum, all these species were classified in section Limonium subsection Hyalolepidae by Boissier (1848) . Limonium nudum and L. sogdianum are successively sister to a strongly supported group (BP 97). Both species are isolated strictly Irano-Turanian species restricted to gypsum hills.
The synapomorphies of the wavy to sinuous epidermal cell walls link all species of L. reniforme-clade. However, the epidermal cells of L. sogdianum are slightly wavy (Fig. 4 ) compared with those of L. perfoliatum and L. reniforme, which are clearly sinuous (Fig. 2) . Other characters, such as bifacial leaf anatomy, absence of palisade cells in petiole cross section and absence of diffuse sclereids, are additional synapomorphies linking members of this clade, except for L. sogdianum. This last species differs anatomically from other species of this clade by having diffuse sclereids that are uniquely straight, thickened and unbranched and arranged only on the adaxial side (Tables 3 and 4 ; Figs 12, 27). Linczevski (1979) transferred L. sogdianum and other species of section Siphonocalyx Lincz. to his new genus Eremolimon because of the tubulate calyx and erect or slightly dilated calyx limb with its peculiar habit. Neither morphology nor our molecular analysis supports its segregation.
Limonium nudum is an isolated and geographically restricted species (Fig. 36 ). This is a typically unique plant among Iranian Limonium in having rosulate leaves and glomerate spikelets and large flowers (with petals up to 10 mm long).
The internal relationships of the L. reniforme clade show that three closely related western IranoTuranian/Mediterranean species (L. caspium, L. bellidifolium and L. iconium) form a strongly supported group (BP 99), sister to three other closely related central Irano-Turanian species. The morphological and sequence differences between three species from Iran (L. caspium), Turkey (L. iconium) and France (L. bellidifolium) are minimal (see notes in taxonomic treatment). 
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In one cluster, all six samples of L. perfoliatum are grouped into two smaller sets each having three representatives. In one set, samples from the Golestan province and adjacent Turkmenistan are grouped, corresponding to the type locality of this species. The second set includes three samples from the northeasternmost parts of Iran. The sequences of the Golestan and Khorassan groups have two base pair differences. Morphologically, the populations from Khorassan are taller and their leaves are strongly undulate compared with those from Golestan. ITS sequence and morphological differences are compatible with subspecific rank for these geographically separated populations. However, because of the wide distribution of L. perfoliatum in Central Asia and Afghanistan, these questions should be addressed in a study including samples from across the entire range of the species.
In the second strongly supported cluster (BP 97), three accessions of L. reniforme (Girard) Lincz. (according to the circumscription accepted in this paper) are grouped apart from other species. The third cluster includes L. otolepis with a low support (BP 75). This result solves a complicated taxonomic problem, because the distinction between L. reniforme and L. perfoliatum has long been confused in the literature. Limonium reniforme (as Statice reniformis Girard) has been described from the saline depressions in Fars province (de Girard, 1844), and L. perfoliatum (S. perfoliata) was known from a saline depression in Hassan Kuli in the south-eastern lowlands of the Caspian Sea, a locality near the Iranian border in Turkmenistan (Karelin, 1839) . This name was later validated by Boissier (1848) , who also accepted Girard's species as var. reniformis (Girard) Boiss., although he later synonymized both names (Boissier, 1879) . Ledebour (1849) also supported recognition of S. reniformis. In the standard floras of this area, these names have variously been used. Boissier (1879) accepted the name Statice perfoliata C.A.Mey. and considered S. reniformis L. a synonym. In the two main floras of the area, Flora Iranica (Rechinger & Schiman-Czeika, 1974) and Flora of URSS (Linczevski, 1952) , the two species are considered conspecific and, based on priority, L. reniforme was accepted. More recently, Assadi (2005) erroneously applied L. otolepis to the populations of southern central Iran in Fars Province without providing any argument as to how populations of the locus classicus of L. reniforme can be attributed to L. otolepis described from Central Asia. As it is evident from molecular analysis (Fig. 31) , morphological studies and distribution (Table 4, (44) (45) (46) , and the taxonomic treatment below), these three taxa as treated here are distinct species.
The Limonium-type clade (BP 91) includes two main morphologically distinct complexes. The L. vulgare subclade (BP 69) includes broad-leaved hemicryptophyte and hygrohalophytic species, with a distribution spanning the Euro-Siberian, Mediterranean and Irano-Turanian areas. Limonium lilacinum, an endemic species from central Anatolia, is sister to other species. This is morphologically the most distinct species of this complex. Limonium lilacinum is characterized by more or less fleshy leaves with indistinct lateral veins and petioles with hyaline margin and a loose inflorescence (Bokhari & Edmondson, 1982) . The anatomical studies of Bokhari (1970) showed that L. lilacinum has numerous clusters of sclereids dispersed in the lacunose spongy tissue of the petiole, which is different from L. gmelinii and related species. Accordingly, following Boissier (1848), Bokhari (1973) classified this species with another closely related Anatolian-Syrian species, L. globuliferum (Boiss. & Heldr.) Kuntze, in section Sphaerostachys (Boiss.) Bokhari. In Flora Iranica, L. meyeri and L. gmelinii are distinguished by minor differences: the former with congested spikelets and the latter by loose inflorescences and cymes. However, in herbarium specimens it is always difficult to separate both species confidently. The molecular analysis gives a complicated topology in which most branches have only low support. The Iranian species are distributed into two clades: one clade includes samples from the northern sector of Iran (BP 50) and the other samples from central, southern and north-western parts of Iran (BP 61). The two Mediterranean and European representatives of the complex (L. vulgare Mill. and L. narbonense Mill.) are closely related and form a clade (BP 76), which is congruent with plastid analyses by Lledó et al. (2005 Lledó et al. ( , 2011 . Despite several attempts, we were unable morphologically to separate the Iranian members of this complex and therefore prefer to treat them all under L. gmelinii s.l. The congested vs. loose inflorescence seems to be related to the age of collection and appears in both groups in the phylogenetic tree. This group needs additional investigation, including the microspecies described from Central Asian, Anatolia and the Mediterranean; for example, L. vanense Kit Tan & Sorger from eastern Anatolia (Tan & Sorger, 1984) .
The L. suffruticosum clade is well supported (BP 90), but its internal relationships are not well resolved. In a large polytomy, three groups are distinguished: one includes all samples of L. suffruticosum, the second includes all specimens of L. carnosum with L. anatolicum Hedge as their sister, and the third includes four samples of L. iranicum from central Iran (Arak, Hamadan, Delijan and Esfahan); Arak is the locus classicus of L. iranicum. All other specimens of L. iranicum are unresolved and not related to either of the first two clades (above). Limonium iranicum, L. suffruticosum and
PHYLOGENETICS OF IRANO-TURANIAN LIMONIUM 533
L. carnosum are widespread in Iran. They occur in almost all saline depressions and salt marshes of the Persian Gulf. Morphologically, these species are separable based on the treatment of Flora Iranica (see key below). Two other previously described species belonging to this complex are L. gabrielii (Bornm.) Rech.f., from Iranian Baluchestan between Nehbandan and Zahedan (Rechinger & Schiman-Czeika, 1974) , and L. failachicum Erben & Mucina, which was recently described from Failacheh Island in Kuwait (Erben & Mucina, 2006) . Two of the most isolated samples of L. suffruticosum are from the southernmost part of the range of this species, southern Khorassan (35188) and northern Baluchestan (8108), and in morphology and geography match L. gabrielii. This taxon is similar to L. suffruticosum and differs only in its tomentose calyx and pilose bracts and bracteoles. In L. suffruticosum the calyx is pilose, bracts are usually glabrous and bracteoles are always glabrous. Taking into account the molecular, geographical and morphological features, L. gabrielii could merit subspecific rank. Limonium failachicum is close and morphologically similar to L. iranicum. Study of the type of this species shows no reliable differences from the Iranian populations of the species along the Persian Gulf. Two sequenced samples collected from Ghabre Nakhoda (20723) and Deyreh Islands (20820) in the Persian Gulf belong to the large polytomy, in line with all other samples. They do not have unique sequence differences from other samples from southern Iran. However, further studies and plastid sequences are required to give a better picture of species delimitation and phylogenetic relationships in this complex.
Presence and shape of diffused sclereids have been considered to be important taxonomic characters in Limonium (Bokhari, 1970; Rao & Das, 1981) . The phylogenetic tree shows that these are homoplastic characters occurring in all species of the Limoniumtype clade, L. sogdianum belonging to the L. reniforme clade and the L. axillare clade (Fig. 31) . These might be useful taxonomic characters to separate closely related species (e.g. L. axillare and L. stocksii, Figs 25, 26 ), but they should be used with caution. The presence of rhizosclerids and ramiform sclereids in L. gmelinii s.l. and the large variation in the form and size of sclereids in L. sogdianum are two examples (Figs 27, 29, 30) .
Isobilateral leaf anatomy is another homoplastic character occurring in three clades of Iranian Limonium (Fig. 31) . The presence of this character is congruent with sunken stomata in these species. Both features occur in xerohalophytic species of these clades, indicating putative adaptive value in coping with water stress and high temperature (Fahn & Cutler, 1992) .
BIOGEOGRAPHICAL REMARKS
The sampling of Limonium from the Middle East in this paper is not sufficient to give a detailed phylogeographical interpretation, but it seems clear from these results that the Iranian species of Limonium have four phytogeographic origins. (Karis, 2004) . This is also the only annual species of Limonium in Iran. This section has a north-western African and Canarian centre of diversity, in which only L. sinuatum (L.) Mill. and L. lobatum have a widespread Mediterranean distribution. An extension of Mediterranean elements into western, south-western and northern Iran has already been reported in several groups:
Sternbergia lutea (L.) Ker Gawl. ex Spreng., some species of Orchis L and halophytic communities of south-western Iran (Zohary, 1973; Akhani & Ziegler, 2002; Akhani & Deil, 2012 (2) our sampling covers only part of this clade that is widely distributed over Eurasia. All these species are common in both inland and coastal saline soils.
In conclusion, ITS sequences provide useful taxonomic-phylogenetic data for studying sexual Limonium spp. and the results indicate that previous classifications of the genus in the literature require some alterations. It will be highly valuable to include plastid markers and extend this study into the southwestern and central Asian taxa of Limonium.
TAXONOMIC TREATMENT
The taxonomic treatment here includes an updated key to all Limonium spp. accepted by us in Iran, a synopsis of all species with maps and descriptions and line drawings of the two species that are recircumscribed in this paper. Fig. 32) .
Note: L. lobatum is the only annual Iranian
Limonium and a typical southern Mediterranean element occurring in southern and south-western Iran (Fig. 32) . The species is easily distinguished by its annual life form, the winged stems and pedicel, horned middle bracts, pubescent leaves and coloured calyces bigger than corolla. Note: L. axillare is a rare plant restricted to Hormozgan and Bushehr Provinces (Fig. 33 ). Based on available data and field observations, its status according to IUCN (2001) has been evaluated as endangered in Iran. The species was not rediscovered in some of the previously known localities cited in the published literature (Rechinger & Schiman-Czeika, 1974) . Limonium axillare is closely related to L. stocksii. The main differences include the shape of calyx lobes, which are triangular in L. axillare and rounded in L. stocksii. However, the petiole anatomy of the former is characterized by individually dispersed needle-like sclereids, in contrast to the latter with fusiform sclereids that are mostly clustered (Figs 14, 15, 23, 24, (25) (26) . Bokhari (1982) described the new species L. wendelboi Bokhari from southern Iran and compared it with L. stocksii based on the shape of sclereids. Earlier studies of L. wendelboi and L. axillare showed evidence for their synonymy (Akhani & Ghorbanli, 1993) , and this is confirmed by detailed studies in this paper and comparison of material from North Africa and Saudi Arabia. (Bokhari & Edmondson, 1982; Assadi, 2005) . Earlier in Flora Iranica (Rechinger & Schiman-Czeika, 1974) , and later in the supplement of Flora of Turkey (Davis et al., 1988) , the Irano-Turanian range of this complex was separated as L. caspium, which is said to differ from L. bellidifolium in its less developed sterile branches, outer bracts with herbaceous part in the middle, first inner bract (middle bract) obovateoblanceolate and calyx tubular, as opposed to L. bellidifolium with dense sterile branches, membranous outer bracts and tubular-funnel-shaped calyx.
Comparison of Iranian plants with two specimens collected from southern France near the type locality of L. bellidifolium (France: Provence-Alpes-Cote d'Azur, near Port-Saint-Louis, 43°21′5″N, 04°52′28″E, sea level, 12.12.2008; Akhani 20511; ibid 1.10.1983, Ponel s.n.) , provides additional differences, including slightly longer calyx (3.0-4.3 vs. 2.7-3.0 mm) and shorter and sparser calyx hairs in L. caspium. The ITS sequences of two species differ by eight nucleotide changes, which is compatible with the concept that they are distinct species. upper lateral branches 1.0-1.5(-2.0) cm tall; spikes unilateral, (five-) seven to 18 spikelets per spike, (two-) three-flowered. Outer bracts triangular or broad triangular, 1.0-1.5(-1.7) mm long, 1.0-1.5(-1.7) mm broad, herbaceous part brown with an apical and marginal 0.2-0.5 mm membranous band, glabrous, entire at margin, acute, rarely acuminate at apex, semiamplexicaul or amplexicaul at base; herbaceous part 1.0-1.5 mm long, (0.2-)0.5-0.7 mm wide, apex acute. Middle bracts elliptic or orbicular, rarely triangular-semicircular, 1.0-1.5 mm long, 1.0-1.5 mm wide, membranous, with one or two narrow brown nerves, glabrous, entire, rounded or abruptly acute, rarely retuse at apex, semiamplexicaul, rarely amplexicaul at base. Inner bracts elliptic or orbicular-elliptic, rarely obovate, 2.5-3.0(-3.5) mm long, 2.0-2.5 mm broad, herbaceous part brown with a 0.5-1.0 mm apical and 0.5-0.7 mm marginal membranous band, glabrous, entire, acutish-rounded or retuse, rarely truncate at apex, semiamplexicaul at base; herbaceous part (1.7-)2.0-2.5(-2.7) mm long, (0.7-)1.0(-1.5) mm wide, rounded, or abruptly acute, rarely truncate at apex. Bracteoles (two-)three to five(-eight) per spikelet, elliptic or broadly elliptic, rarely obovate, (1.5-)2.0-2.5 mm long, 1.0-1.5 mm wide, membranous with a narrow brown nerve, glabrous, entire at margin, rounded, or obtuse-rounded, rarely abruptly acute at apex, semiamplexicaul at base. Calyx funnel-shaped, (2.5-)3.0-3.5 mm long, limb 2.0-3.0 mm, base 0.5 mm and neck 1.0-1.5 mm in diameter, 5-lobed; nerves brown, 2-3 mm long, lobes and between nerves whitish, with dense or sometimes lax long hairs on two or three nerves, other nerves glabrous; calyx lobes (0.5-)0.7-1.0 mm, triangular. Corolla: petals oblanceolate, (3.0-)3.5-4.5 mm long, 1.0-1.2(-1.5) mm wide, glabrous, dark purplish or purplish, entire at margin, retuse or emarginate, rarely rounded at apex, slightly connate at the base. Filaments adnate to the base of petals, (2.0-)2.7-3.5(-4.0) mm long, in the middle 0.2-0.5 mm wide. Anthers 0.7-1.0 mm long, reddish or violet. Ovary elliptic to obovate, 0.7-1.0 mm long, upper half or one third granulate. Style 1.5-3.2 mm long, filiform, free from base. Stigma 0.5-0.7(-1.0) mm, filiform. Fruit elliptic or fusiform, upper half granulate, one-seeded, 2.0-2.5 mm long. Achene obovate, 1.2-1.5 mm long. Funicle 1.5-2.0 mm long.
General distribution: Afghanistan, Iran (Golestan and Khorassan Provinces, Fig. 39 cm ¥ 0.5-1.5 cm, lamina (1.0-)2.0-2.5(-4.0) cm, petiole excluding sheath 1.0-2.5 cm and including sheath 1.5-3.0 cm, almost completely dying off about flowering time, trinerved, green, glabrous, with salt glands, without a cavity, entire, rounded, rarely abruptly acute at apex, attenuate at base. Cauline leaves ± fleshy, on the nodes of main stem and lateral branches, size decreasing upwards, ± palmately veined, veins at margin dichotomous, green or pale green, glabrous, with salt gland, without a cavity, cauline leaves of main stem reniform, rarely obovate, 0.5-2.5(-3.5) ¥ 0.5-2.0(-3.0) cm, entire at margin, rounded at apex, semiamplexicaul at base; semiamplexicaul to ± perfoliate at base; cauline leaves of stem branches slightly fleshy, orbicular or transverse elliptic, 0.1-2.4 ¥ 0.1-1.3 cm. Inflorescence panicle, 10-25 cm tall, upper fertile lateral branches of inflorescence 0.5-1.5 cm tall; spikes unilateral, ± lax, four to six spikelets per spike, spikelets (one-) twoflowered. Outer bracts triangular, or rarely semicircular, 0.5-1.0 mm long, 1.0-1.5(-1.7) mm broad, with an apical 0.2 mm and marginal 0.2-0.5 mm membranous band, sometimes without a fleshy part and completely membranous, brown, glabrous, entire, acute, rarely truncate at apex, semiamplexicaul, or amplexicaul at base; herbaceous part 0.5-0.7 mm long, 0.5-0.7(-1.2) mm broad, acute, rarely caudate at apex. Middle bracts triangular, elliptic, or orbicular, (0.7-)1.0-1.5 mm long, 1.0-1.2 mm broad, membranous with one or two narrow brown nerves, glabrous, entire, rounded or deeply retuse at apex, semiamplexicaul at base. Inner bracts orbicular, rarely transverse broadly elliptic, (1.5-)2.0-2.5 mm long, 2.0-2.5 mm broad, with an apical and marginal 0.5 mm membranous band, brown, glabrous, entire, rounded, or truncate, rarely emarginate at apex, amplexicaul at base; herbaceous part (1.0-)1.5-2.0 mm long, 1.0-1.5 mm wide, rounded, rarely truncate or praemorse at apex. Bracteoles elliptic, or orbicular, rarely rhombic, 1.2-1.5(-2.0) mm long, 1.0-1.5(-1.7) mm wide, membranous with a narrow brown nerve, glabrous, entire, rounded or acute, rarely obtuse at apex, semiamplexicaul at base, spikelets with two to five (to seven) bracteoles. Calyx obconical, sometimes obconical-funnel-shaped, five-lobed, 2.5-3.0 mm long, calyx limb (1.2-)1.5(-1.7) mm, base 0.5 mm and neck 1.0-1.5 mm in diameter; nerves 2.0-2.5 mm long, brown or reddish-brown; lobes and between nerves whitish, with dense and short to ± long hairs between and along two of nerves, other nerves glabrous or with short, lax hairs, calyx rarely glabrous; calyx lobes 0.5-0.7 mm long, triangular, or semicircular-triangular, rarely semicircular. Corolla; petals oblanceolate, rarely obovate, (2.5-)3.0-4.0 (-4.5) ¥ 1.0-1.2(-1.5) mm, purplish, glabrous, entire, rounded, or slightly retuse at apex, slightly connate at the base. Filaments adnate to the base of petals, (2.0-)2.5-3.5(-4.0) mm long, up to 0.5 mm broad in the middle. Anthers (0.7-)1.0 mm long, pale yellow. Ovary obovate, 0.7-1.0 mm long, upper one third or one quarter granulate. Styles filiform, 1.5-3.0 mm long, free from base. Stigma filiform, 0.5 mm long. Fruit obovate, 2.2 mm long, upper half granulate. Achene fusiform, 1.5 mm long. Funicle 1.5 mm long.
Distribution: Endemic to southern-central saline depressions of Fars Province in Iran (Fig. 39) Note: See notes under L. perfoliatum and discussion. Limonium reniforme is an endemic restricted to margins of saline depressions in Fars Province around Tashk, Bakhtegan and Maharloo Lakes. This area is of great interest because of the presence of other halophytic local endemics, the most peculiar of which is Hypericopsis persica Boiss., an isolated species of south-western Asian Frankeniaceae (Chrtek, 1972) . Recent anatomical studies and molecular evidence show that this species belong in
